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Abstract. The study explores the transformation of energy resource
consumption centered on energy efficiency within the global energy
transition framework. The growing global energy demand, driven by
industrialization, urbanization, and rising living standards, has led to
increased fossil fuel consumption. This, in turn, contributes to higher
greenhouse gas emissions, global warming, and other adverse
environmental impacts. The study emphasizes the efforts of developed
nations to curb these emissions, particularly by expanding renewable
energy use, and notes the declining share of coal and other fossil fuels in
national energy balances. The Energy Transition Index (ETI) is introduced
as a measure of countries’ progress in advancing the energy transition,
including efforts to enhance energy efficiency and mitigate environmental
harm. The study also highlights Ukraine’s challenges in energy supply due
to military conflict and infrastructure damage, underscoring the critical role
of energy efficiency in rebuilding the country's energy system and securing
its energy future. Energy efficiency is identified as a key strategy for
reducing dependence on fossil fuels, decreasing energy imports, and
bolstering the economy’s resilience to external pressures.

1 Introduction

Global energy demand is rising swiftly due to several factors, including population growth,
industrialization, and changes in lifestyle. As living standards improve, energy consumption
increases, driven by factors like the use of private vehicles and a wider range of household
appliances. A significant contributor to this rising demand is the economic development of
countries, which requires ever-growing energy supplies. This rapid energy consumption,
particularly from fossil fuels, has a persistent negative effect on the environment, including
a continuous annual rise in global temperatures (Fig. 1).
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Fig. 1. Daily global average air temperature 1940 — 2023 [1].

Emissions of greenhouse gases are widely recognized as the main factor of global
warming and its harmful consequences worldwide [2]. However, in recent years, countries
with developed economies are on the path to reducing greenhouse gas emissions, particularly
in the energy sector due to a gradual reduction in the use of coal for electricity generation, an
increase in the share of renewable energy sources, as well as the use of other types of fuel
with a lower intensity of greenhouse gas emissions (Fig. 2).
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Fig. 2. Energy-related CO2 emissions, billion tons [3].
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For example, the coefficient of carbon dioxide emissions when burning IMWh of natural
gas is about 202 kg of CO,, but when burning 1IMWh of coal, the coefficient reaches more
than 403 kg, which is almost twice as much [4].

2 Prerequisites of the energy transition

The dynamics of energy supply from coal in countries with developed economies in the
period from 1905 to 2023 is characterized by significant fluctuations due to various political,
economic, and environmental events (Fig. 3).

Thus, at the beginning of the 20th century, the energy supply from coal grew due to a
significant increase in demand, in particular for military needs during World War | and World
War Il. [5, 6] Classically, during world crises, in particular the Great Depression, the
consumption of basic energy resources decreased significantly due to a decrease in industrial
activity. Modern examples that similarly affected the reduction of coal-based energy supply
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are the global financial crisis of 2007-2009, as well as the economic crisis during the active
phase of the COVID-19 pandemic in 2020 [7 — 9].

During the 50s and 70s of the 20th century, energy supply from coal in developed
countries remained the main source for ensuring economic growth, and the OPEC crisis in
the early 70s, which occurred due to the introduction of an embargo on oil products by the
Arab countries, led to significant interruptions in the supply of oil, which, in turn, forced the
US and Europe to reconsider their dependence on oil from the Middle East, in particular at
the expense of coal, as well as increasing the energy consumption efficiency of energy
resources [10]. The Chernobyl disaster in 1986, which resulted in massive radioactive
contamination, had not only a significant environmental impact, but also an impact on energy
policy in developed countries. Many countries have revised their plans to build new nuclear
reactors or have decided to phase out the use of nuclear energy. The accident at the Chernobyl
nuclear power plant caused significant concern about the safety of nuclear power, and also
caused anti-nuclear sentiment among the governments of many countries, which increased
the demand for coal in the energy supply, as a more reliable and proven source of energy, but
this trend was short-term [11, 12]. An important step in the direction of reducing coal
consumption, which is one of the main sources of CO, emissions, was the Kyoto Protocol
[13], which was adopted in 1997 as an international agreement aimed at reducing greenhouse
gas emissions. Its main purpose is to limit the emission limits of greenhouse gases into the
atmosphere.
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Fig. 3. Dynamics of energy supply from coal in countries with developed economies (Source: Compiled
on the base of Data — IEA [14]; Events — compiled by the authors based on [5 — 7, 10, 11, 13 - 17]).

The countries that signed the protocol undertook to reduce emissions of carbon dioxide
and other greenhouse gases. However, the decrease in energy supply from coal was observed
only after the launch of the EU ETS (European Union Emissions Trading System) in 2005
as the world's first and largest greenhouse gas emissions trading system. It allows companies
to buy and sell emission permits, incentivizing them to reduce their emissions. This measure
contributed to the transition to more environmentally friendly technologies, as the use of coal
became financially less profitable due to the high cost of emission permits [15]. As a result
of efforts to reduce the negative impact on the environment, over the last decades, developed
countries have actively invested in the development of renewable energy sources, such as
wind and solar energy. Governments in many countries have introduced incentives for the
development of these technologies, including subsidies, tax breaks and financing programs.
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This led to a significant reduction in the cost of energy production from renewable sources
and an increase in their share in the energy balance [16]. The Paris Agreement, signed in
2015, was another important step in the fight against climate change. It has set ambitious
goals for reducing greenhouse gas emissions, limiting global warming, and increasing the
share of renewable energy sources. The agreement encouraged countries to develop national
plans for the decarbonization of the economy and the transition to environmentally friendly
technologies [17].

Taking into account the indicated trends in energy consumption led to research in the field
of energy transition, justification of opportunities and ways of implementing the necessary
changes [18]. In particular, one of the issues related to the energy transition is the rational
use of energy resources, the research of which examines various ways of achieving energy
efficiency [19]. In addition, the study of the prerequisites of the energy transition is
accompanied by the study of the company's readiness for changes [20].

The growing demand for energy combined with the need to reduce greenhouse gas
emissions is an urgent challenge, so countries are actively implementing various target plans
to reduce emissions, transition to clean energy sources, and reduce energy consumption.
However, despite these efforts, global temperatures continue to rise, as do the total energy-
related greenhouse gases [21]. This requires a deeper study of the issue of energy transition,
constant monitoring of the decisions made results and study of the countries experience that
have succeeded in the energy transition, and justification of measures on the way to
transforming energy consumption. In turn, the aim of this article is to explore how to achieve
a successful energy transition while maximizing the efficiency of energy resource
consumption. It examines approaches, technologies, and policies that facilitate this transition
and highlights best practices for optimizing energy use to ensure performance and readiness
of necessary changes.

3 Data and methods

Various data sources were used to analyze the transformation concept of energy resource
consumption based on energy efficiency in the context of the energy transition. Among the
main sources is information from the International Monetary Fund, the World Economic
Forum, the European Commission, the International Energy Agency and others, which
included information about the amount of CO, emissions, the average annual air temperature
in the world, the dynamics of energy transition index estimates at the global level and
Ukraine, etc. These data helps to understand global trends in energy consumption, energy
transition and energy efficiency levels.

Analytical reports and studies prepared by scientific institutions, consulting companies
and government bodies have also become an important source of information. These
documents contained an analysis of various policies impact and global events on the concept
of energy resource consumption from the perspective of energy efficiency in the context of
the energy transition.

The study used several methods for data analysis, including statistical analysis to identify
major trends in the changing concept of energy consumption. The comparative analysis
helped to assess the pace of the energy transition at the global level with the results of
Ukraine, as well as various energy efficiency practices, as well as actions aimed at achieving
the goals of the energy transition.

In order to determine the direction of achieving energy transition due to energy efficiency,
we suggest considering the Energy Transition Index (ETI), which is evaluated on the basis
of two main components: assessment of system efficiency and assessment of readiness for
transition (Fig. 4).
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Fig. 4. Energy Transition Index indicators [22].

The indicators considered within the scope of this method determine the state of the
energy transition and readiness for changes. By analyzing the dynamics of indicators of the
state and readiness of the energy transition, it is possible make desission on solutions that are
required to achieve better performance and due to which we can increase readiness for
changes, developing and supplementing the results of previous studies [19].

4 Results and discussion

Any energy resources, including wind, sun, natural gas, etc., are raw materials that are
indispensable for the successful economic growth and development of countries, while the
approach applied to the consumption of these raw materials is a central aspect of energy
efficiency issues in the energy transition.

Currently, Ukraine, in particular the energy system, is at one of the most difficult stages.
Russia continues to destroy Ukraine’s energy facilities. During the first wave of large-scale
missile attacks, the Russians damaged almost half of the power system. As a result of the
second wave of attacks, which began in March 2024 and continues to this day (there have
already been six massive attacks), about 90% of the electricity generation of the Ukrainian
company DTEK was damaged or destroyed (as of mid-July 2024) [23]. According to the
Kyiv School of Economics, which, together with the Ministry of Community Development,
Territories and Infrastructure, the Ministry of Health, the Ministry of Economy and in
cooperation with other relevant ministries and the National Bank of Ukraine, assesses the
damage caused to the infrastructure of Ukraine during the full-scale invasion, damages and
losses of the energy sector of Ukraine exceeded $56 billion. USA (as of May 2024) [24].
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According to the IMF, it is expected that the energy deficit in Ukraine will persist during
2024 — 2025, in particular, in 2024, the average energy deficit is expected at the level of 10%
(up to 30% during peak hours of consumption). However, this assessment includes the repair
of part of RES assets, increased energy imports from the EU, as well as the installation of
new smaller gas-fired power generation facilities (up to 1 GW), while not taking into account
further missile attacks on Ukraine’s energy infrastructure, which may further destabilize
energy system [25].

In the conditions of a shortage of energy resources and the impossibility of independent
provision of one's own energy needs in Ukraine, the issue of energy efficiency becomes
extremely important. Moreover, in the context of global warming and the growth of
greenhouse gas emissions, the need to increase energy efficiency, taking into account the
latest technologies and energy transition strategies, is additionally formed. Thus, the ongoing
war and continued attacks on the energy system highlight the critical need to rebuild energy
infrastructure, but it is important to rebuild it based on new approaches focused on energy
efficiency and achieving energy transition goals. Energy efficiency must also be considered
from the perspective of an additional sources of energy, as it contributes to reducing the
consumption of both traditional and renewable energy sources. Thus, energy efficiency is an
energy resource possessed by all countries without exception, which is based on the
transformation of the concept of the energy resources consumption and meets the conditions
of the energy transition [26]. Therefore, for Ukraine, which is currently facing serious
challenges due to military actions and the destruction of the energy infrastructure, energy
efficiency can become one of the key tools for recovery and development, and the integration
of the energy transition into the reconstruction process that will allow creating a new, more
efficient energy system that will meet needs of the modern world [27].

An important tool for assessing the progress of countries in the energy transition is the
Energy Transition Index (ETI), which was developed by the World Economic Forum team.
This index takes into account a variety of indicators such as access to renewable energy
sources, energy efficiency, greenhouse gas emissions, energy security and policy efforts to
support the energy transition, etc. The purpose of calculating the energy transition index is to
provide an objective and comparative assessment of the readiness and countries ability to
implement the energy transition [22, 25]. This index identifies the strengths and weaknesses
of the energy policy of individual countries, which, in its turn, helps governments,
international organizations and investors to make informed decisions about investments and
to provide appropriate reforms in the energy sector. The index also plays an important role
in the global context of climate change combating. By assessing progress in the
implementation of renewable energy sources and reduction of greenhouse gas emissions,
considered index helps to track the implementation of international commitments such as the
Paris Agreement. This contributes to increased transparency and accountability of
governments in their efforts to reduce the impact of the energy sector on the environment.

In the context of Ukraine, the energy transition index have a particular importance. Given
the challenges associated with military actions and the need to restore the energy
infrastructure, the results of the index can become a valuable guide for planning and
implementing energy reforms. Using the data of the index, Ukraine will be able to integrate
the principles of energy efficiency into the process of reconstruction and modernization of
the energy system with greater benefit to satisfy their own needs, taken significant steps to
comply with the conception of sustainable development.

The global dynamics of the Energy Transition Index (ETI) shows an increasing trend from
2015 to 2024, despite recorded decrease in 2023. The global value of the Energy Transition
Index (ETI) reached its maximum value in 2021, which indicates improvements in the energy
sector, including an increase in the share of renewable energy sources, increased energy
efficiency, improved energy legislation, etc., but the progress is uneven. High-income countries
are making more progress in environmental sustainability than other regions of the world. The
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list of leading countries according to the energy transition index remained quite stable during
the period under study, including Sweden, Norway, Denmark, Switzerland, France and others,
although each of them has its own unique path of energy transition (Fig. 5).
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Fig. 5. Dynamics of the energy transition index (ETI), % (Compiled by the authors based on [22, 28-
33]; *the energy transition index based on the results of 2022 has not been published, the graph shows
the value of 2021).

On the other hand, the dynamics of Ukraine’s energy transition index shows significant
growth in the period from 2019 to 2023, with a slight decline in 2024. Moreover, the index
results indicate that the pace of energy transition in Ukraine is significantly higher compared
to the global average ETI growth, although Ukraine's ETI score is still lower than the global
average. The growth of Ukraine’s ETI results was due to the improvement of legislation and
regulation, which contributed to the attraction of investments in renewable energy, as well as
the implementation of effective state support mechanisms [34], the introduction of state
programs and initiatives, active policy in the field of energy efficiency and energy audit [35],
in particular approval of the energy efficiency action plan for the period until 2030 [36], etc.
Therefore, according to the results of the energy transition index assessment, Ukraine has
significant potential for further energy transition and energy efficiency improvement.
However, the ongoing war presents significant obstacles to these plans, including the
destruction of infrastructure and disruption of energy supplies. Despite these difficulties,
Ukrainian companies such as DTEK continue to invest in renewable energy, in particular in
solar power plants and other types of RES. For example, DTEK implements projects in the
field of solar energy even during wartime, demonstrating sustainability and commitment to
the development of green energy in the country [37]. In addition, Ukraine is actively
considering the possibility of exporting biomethane to the European Union, which could
become a significant source of income for the country and help reduce the EU’s dependence
on traditional fuels. Currently, the Ukrainian authorities are actively implementing the relevant
legislation, in particular, the Ukrainian Parliament passed a law that allows the export of
biomethane to Europe [38]. According to experts, Ukraine can produce more than 20 billion
cubic meters in the future of biomethane per year. This is a very high potential that will make
it an important player on the European energy market [39]. Some Ukrainian companies have
already started biomethane production projects, which is an important step in the direction of
sustainable energy development. A striking example is the Ukrainian agro-industrial company
MHP, which successfully operates two biogas complexes [40].

Maintaining stable progress in the energy transition is a challenge for all countries,
including Ukraine since a decrease in the ETI result was recorded in 2024. The Energy
Transition Index (ETI) is assessed based on two main components: a system performance
assessment and a transition readiness assessment. Each of these components is divided into
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several subcategories and measured by different indicators. In particular, the decline of the
energy transition index of Ukraine in 2024 is more related to the deterioration of the
assessment of readiness for the energy transition, and to a lesser extent to the deterioration of
the assessment of system efficiency, which are the main components of the ETI with the same
weight of influence (Fig. 6). The main reason for the decrease in Ukraine's ETI rating is
primarily the Russian invasion of Ukraine, which continues to cause significant social and
economic losses, which affects the energy infrastructure and the ability to implement energy
reforms, and constant military actions create high uncertainty, which complicates the planning
and implementation of long-term energy projects. In addition, part of Ukraine’s energy
infrastructure is destroyed, which requires significant funds and time for restoration, which is
complicated by risks related to timely receipt of external financing, which is necessary to
support the economy and the energy sector [41].

Russia's full-scale invasion of Ukraine
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—=— Energy Transition Index Transition readiness score

— — System performance score 76 Ranking by country
Fig. 6. Dynamics of the energy transition index of Ukraine (ETI) and its main indicators, % (Compiled

by the authors based on [22, 28 — 33]; *the energy transition index based on the results of 2022 has not
been published, the graph shows the value of 2021).

Energy efficiency is a key element of the energy transition, as it helps reduce energy
consumption, reduce greenhouse gas emissions, and reduce dependence on fossil fuels.
Implementing energy-efficient technologies and practices allows for less energy usability to
achieve the same results, which also means that less energy needs to be produced, transported
and consumed. In turn, energy efficiency helps to reduce the amount of greenhouse gas
emissions that are generated during energy production and consumption, and also helps to
reduce the demand for fossil fuels, which promotes the transition to renewable energy sources
and reduces dependence on energy imports. Therefore, the Energy Transition Index takes into
account various indicators of energy efficiency, such as energy intensity of the economy,
growth in energy demand, energy mix, etc.

Energy efficiency management can be carried out at five main levels, including the global
level (international organizations, all countries), macro level (countries), meso level (regions),
micro level (enterprises, organizations), and individual (specific person) [19]. Given this, the
Energy Transition Index is an indicator that assesses global and individual country
achievements, corresponding to the global and macro levels, and therefore, despite the value
of the Energy Transition Index (ETI) and its impact at the macro and global levels, currently
there is no corresponding index for evaluating the energy transition at lower levels, for
example for the micro level, which would evaluate the progress of companies according to the
main criteria of the energy transition. Since the success of a country’s energy transition is
based on specific actions and achievements at lower levels, it is appropriate to adapt the energy
transition index for micro-level assessment.

https://doi.org/10.1051/e3sconf/202456701026
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5 Conclusions

Therefore, the global demand for energy resources continues to grow, which poses serious
environmental challenges to humanity, related to the increase in greenhouse gas emissions and
global warming. Developed countries are actively working to reduce the use of fossil fuels and
transition to renewable energy sources, which is an important step in the fight against climate
change. In 2023, developed countries have achieved a reduction in energy supply from coal to
the level at the beginning of the last century. International agreements and emissions trading
systems, as well as ongoing assessments of countries using the Energy Transition Index, play
an important role in stimulating these processes. However, despite significant achievements,
the pace of energy transition is still quite slow, and the efforts of countries are unevenly
distributed.

Ukraine, facing challenges caused by military actions and the destruction of energy
infrastructure, has a unique opportunity to reshape its energy system, focusing on energy
efficiency and renewable sources. The result of the Energy Transition Index (ETI) for Ukraine
in 2024 reached about 53%, compared to 42% in 2019, which shows positive changes, but
further efforts are needed to achieve better indicators. Despite these results, the result of 2024
is lower compared to the value of 2023, which is primarily caused by the military invasion of
Russia and its consequences. The global average value of ETI in 2019 was around 55%, and in
2024 it increased to 57%, which also indicates positive dynamics, but it is clear that the growth
rate of global results is much lower than in Ukraine. Thus, Ukraine has significant potential for
further energy transition and energy efficiency improvements, but the ongoing war creates
significant obstacles to these plans, including destruction of infrastructure and disruption of
energy supplies. Special attention should be paid to the development of policies and measures
aimed at increasing energy efficiency and supporting renewable energy.

The Energy Transition Index is responsible for assessing countries' energy transition efforts,
but despite its value, there is currently a need to adapt the ETI for a company-level assessment
that would assess companies’ progress against key energy transition criteria, including energy
efficiency criteria. This is important because the success of the country’s energy transition is
based on specific measures and achievements of enterprises (organizations), and therefore has
a direct impact on the results of the index at the country level. Energy efficiency must also be
considered from the perspective of an additional source of energy, as it contributes to reducing
the consumption of both traditional and renewable energy sources. Thus, energy efficiency is
an energy resource possessed by all countries without exception, which is based on the
transformation of the concept of the use of energy resources and meets the conditions of the
energy transition.
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